Objective: The present study examined whether acute nonperforated appendicitis is a surgical emergency requiring immediate intervention or a disease that can be treated with a semielective operation.
Introduction
Acute appendicitis is one of the most common acute diseases requiring an emergency operation. Immediate appendectomy is considered the gold-standard treatment for acute appendicitis. It is widely believed that delays in diagnosis and treatment significantly contribute to increased incidences of perforated appendicitis, which result in increased patient morbidity [1] . Nevertheless, in some cases, the appropriate operation has been delayed because of reasons such as lack of fasting time for general anesthesia, unavailability of operating rooms, and overscheduling of operating teams. Recently, some studies have challenged the impact of these delays and standard of care with appendectomy by suggesting that acute appendicitis can either be treated medically [2, 3] or operated on electively without increasing morbidity [4] [5] [6] [7] . Given these considerations, we used electronic medical records to review 1805 cases of appendectomy for acute appendicitis between January 2007 and February 2012 to verify whether acute nonperforated appendicitis necessitates immediate intervention or can be treated with a semielective operation.
Methods

Patients
A retrospective review of the charts of all patients who underwent an appendectomy for acute appendicitis at Kyung Hee University Hospital at Gangdong from January 2007 to February 2012 was performed. Diagnosis of acute non-perforated appendicitis was based on a doctor's decision after considering clinical manifestation, physical examination, laboratory findings, and radiologic modalities. Patients who were preoperatively diagnosed with perforated appendicitis, underwent interval appendectomy or negative appendectomy, or underwent an operation after consulting with other departments were excluded from analysis. Antibiotics such as cephalosporin were administered as soon as possible after diagnosis and were continued until patient discharge. Nowadays, we just give one injection of antibiotics just before surgery. In the case of severe wound complications, we have used antibiotics even if it did not follow guidelines. The data for the following parameters were gathered from electronic medical records: demographic characteristics (age, sex), body mass index (BMI), American Society of Anesthesiologists (ASA) score, white blood cell (WBC) count at admission, body temperature at admission, time from onset of symptoms to hospital arrival (patient interval), time from hospital arrival to the operating room (hospital interval), radiologic findings according to diagnostic modalities, methods of surgery, operative time, and final pathology. The patients were divided into two comparison groups: immediate group (those with a hospital interval ≤12 hours) and delayed group (those with a hospital interval from 12 to 24 hours). The end points chosen for comparison were safety-related outcomes: laparoscopic to open conversion rate, operative time, perforation rate, complication rate, and readmission rate; economy-related outcomes: length of hospital stay and medical cost; and accuracy of diagnostic modalities for distinguishing the difference between nonperforated and perforated appendicitis.
Statistical analysis
Demographic and clinical characteristics were summarized as means (for continuous variables) or proportions (for categorical variables) and compared using t tests or χ 2 tests, respectively. A p value of less than 0.05 was considered statistically significant. All statistical analyses were performed using Statistical Package for Social Sciences (SPSS) software version 18.03 (SPSS Inc., Chicago, IL).
Results
Patient demographics
During the 5-year study period, 2093 patients underwent appendectomy for acute appendicitis. Of the 2093 patients, 288 patients were excluded from analysis because of perforated appendicitis in preoperative diagnosis, interval appendectomy, negative appendectomy, and operation after consultation from other departments. Among the 1805 patients included for analysis, 1342 (74.3%) underwent an appendectomy within 12 hours after hospital arrival (immediate group) and 463 (25.7%) underwent an appendectomy from 12 to 24 hours after hospital arrival (delayed group). No patient underwent surgery more than 24 hours after hospital arrival. Patients were on average 31.7 ± 17.9 years old and predominantly male (1014/1805, 56.2%). On average, BMI (kg/m 2 ) was 22.2 ± 3.9, patient interval was 27.7 ± 36.4 hours, and WBC counts (10 3 /dL) were 13.0 ± 4.5. No significant differences in age, sex, BMI, ASA score, patient interval, or WBC count were noted between the two groups. Body temperature was significantly different between the immediate group (36.6 ± 0.6°C) and delayed group (36.7 ± 0.5°C) (p = 0.001), but was considered clinically nonsignificant because body temperatures in both groups were within the normal range ( Table 1 ).
Safety-related outcomes
There were no significant differences in the laparoscopic to open conversion rate (0.5% in the immediate group and 0.2% in the delayed group), operative time (45.8 ± 21.4 minutes in the immediate group and 46.0 ± 23.6 minutes in the delayed group), perforation rate based on final pathology (12.8% in the immediate group and 12.1% in the delayed group), postoperative complication rate (6.0% in the immediate group and 6.0% in the delayed group), and readmission rate (2.5% in the immediate group and 2.2% in the delayed group) between the two groups ( (2), mesenteric lymphadenitis (1). 
Economy-related outcomes
Overall length of hospital stay was significantly greater in the delayed group (3.7 ± 1.7 days) than in the immediate group (3.1 ± 1.9 days) (p = 0.000). The difference in length of postoperative hospital stay, however, was nonsignificant between the two groups (3.0 ± 1.8 days in the immediate group and 2.9 ± 1.6 days in the delayed group) ( Table 3) . Total medical cost was 2346.3 ± 735.3 US dollar in the delayed group, slightly greater than the 2257.8 ± 723.8 US dollar in the immediate group (p = 0.000).
Accuracy of radiologic modalities
The sensitivity of computed tomography (CT) (probability of patients diagnosed with nonperforated appendicitis by CT among those diagnosed with nonperforated appendicitis by pathology) was 97.0% (879/906) and specificity of CT (probability of patients diagnosed with perforated appendicitis by CT among those diagnosed with perforated appendicitis by pathology) was 46.1%
(125/271) in our data ( with nonperforated appendicitis by CT among those diagnosed with perforated appendicitis by pathology) was as high as 53.9% (146/271). The sensitivity of ultrasonography (US) was 95.5% (530/555) and specificity of US was 38.9% (37/95) in our records ( Table 5 ). The false-positive rate of US (probability of patients diagnosed with nonperforated appendicitis by US among those diagnosed with perforated appendicitis by pathology) was as high as 61.1% (58/95).
Discussion
The present study demonstrated that semielective appendectomies for patients with acute nonperforated appendicitis do not increase the morbidity (defined as open conversion rate, operative time, perforation rate, postoperative complication rate, and readmission rate) but do increase economic factors such as medical costs and length of hospital stay.
Our findings were consistent with those of several other studies that have not found increased rates of complications among patients with delayed appendectomy. In a study of 380 patients with acute appendicitis, Abou-Nukta et al. [5] demonstrated that an appendectomy delay of greater than 12 hours showed no significant increase in perforation rates, operative time, or length of hospital stay. In addition, Omundsen and Dennett [8] found that there were no differences in complication rates or length of postoperative hospital stay between patients who underwent appendectomy within 12 hours and from 12 to 24 hours after admission.
Omundsen and Dennett's study of 345 appendectomies only showed an increase in morbidity when appendectomy was delayed more than 24 hours. Surana et al. [6] reported no difference in complication rates between patients undergoing appendectomy within 6 hours compared to 6 to 18 hours after admission in a study of 695 children with appendicitis. In a similar [7] demonstrated that there were no significant increases in the complication rates or perforation rates when appendectomies were performed within 6, 6 to 12, or more than 12 hours after admission. In a population-based study that used a database of 32,782 patients and was the largest study supporting this semi-elective approach, Ingraham et al. [4] found that a delay in appendectomy was not associated with increased 30-day morbidity.
In contrast to these studies, several others continue to support the current standard of appendectomy as a standard emergency procedure. In 1081 adult patients with acute appendicitis, Ditillo et al. [9] found that the risk of developing advanced pathology and complications increased with time until appropriate treatments, suggesting that a delay in appendectomy was unsafe. Udgiri et al. [10] reported that the complication rates, lengths of hospital stay, and readmissions were greater in a delayed appendectomy group (performed more than 10 hours after admission) than in an immediate appendectomy group (performed less than 10 hours after admission) in a study of 211 patients with appendicitis. Recently, Teixeira et al. [11] showed that while an appendectomy delay of more than 6 hours did not increase the risk of perforation, it significantly increased the risk of surgical site infection in 4529 patients with nonperforated appendicitis. In contrast, the present study showed no difference in surgical site infection rate, which was approximately 5% in each group.
The safety of delayed appendectomy can be explained by the development of medical technologies, particularly the injection of antibiotics to halt the progression of appendicitis. A number of studies have shown the effectiveness of antibiotics in treating perforated appendicitis [12] [13] [14] . In most cases, antibiotic administration leads to resolution of the infectious and inflammatory processes of perforated appendicitis, which allows elective appendectomy to be performed 6-8 weeks after the initial presentation of disease. Moreover, two randomized controlled trials suggested that acute appendicitis could be successfully treated with antibiotics and that antibiotics might be a first-line therapy in acute appendicitis [2, 3] .
Nowadays, we just give one injection of antibiotics just before surgery. In the case of severe wound complications, we have used antibiotics even if it did not follow guidelines.
Among a total of 1805 cases, we performed 190 appendectomies (10.5%) for acute appendicitis between the hours of 11 PM and 8 AM. When a patient was diagnosed with nonperforated appendicitis at these hours, we often had no choice but to delay an operation, offer antibiotic therapy, and schedule an operation for the following day. The unavailability of an emergency operating room or operating team members such as an anesthesiologist, nurse, or assistant prohibited the prompt operation. The results of this report may lessen surgeons' stress in this situation, as the increasing risk of perforation and subsequent morbidity in appendicitis progression may be less significant than previously thought. This optimistic finding could have a positive psychological effect on surgeons, resulting in a more meticulous operation the following day with enhanced care for patients. In addition, the current government policy that surgical specialists should care for their patients in the emergency room greatly increases the responsibility of surgeons. Our findings suggest that surgeons could delay operations for less critically ill patients, such as those with nonperforated appendicitis, in order to appropriately care for those requiring immediate attention, such as trauma patients and critical care patients, especially in situations with limited staff.
Accurate preoperative diagnosis to clarify whether the appendix is perforated or not must be a prerequisite to delayed appendectomy. CT is a main diagnostic tool with high sensitivity and specificity for acute appendicitis. The routine use of CT in patients with suspected acute appendicitis has been shown to shorten the time to operating room admission, reduce the number of negative appendectomies, and reduce medical costs [15] . Ultrasonography is another useful modality commonly used for children, pregnant patients, and outpatients, because it is noninvasive, does not require patient preparation, and avoids unnecessary exposure to ionizing radiation. Moreover, Peña et al. [16] demonstrated that an imaging protocol using US and CT was useful for distinguishing between nonperforated and perforated appendicitis, as shown by a marked decrease in the perforation and negative appendectomy rates in 1338 children with suspected appendicitis. However, this study showed that the false-positive rate of CT and US was as high as 53.9% (146/271) and 61.1% (58/95), respectively. As radiologic readings are not infallible, surgeons need to confirm the presence of perforation using symptoms, physical examinations, and laboratory findings. Radiologists must also pay close, critical attention to their radiologic interpretations. In our data, there were false positive and negative findings in CT and U/S. But there is no perfect diagnostic modality established of appendicitis before surgery. This was one of the limitations of our study.
At the beginning of this study, we predicted that there would be little difference in medical costs between the two groups because the additional hospitalization fees for the delayed group might be similar to the additional nighttime surgery fees for the immediate group. However, medical costs were significantly increased for the delayed group because the additional hospitalization fees were more expensive than the additional nighttime surgery fees in the immediate group. Surgeons should consider that increased medical costs can be a burden for patients and health insurance companies. In addition, the emotional and unanticipated economic cost of extended hospital stays in the delayed group should not be dismissed.
In conclusion, delayed appendectomy is safe for patients with acute nonperforated appendicitis. It can improve quality of provided care from surgeons, enhance quality of care for patients, and increase effective utilization of medical resources and operating rooms for lifethreatening emergencies.
